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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the detection accuracy of abnormality, 
such as the overload, etc., and also to improve the resistance to the noise 
interference by converting the change of an extracted load current into a current 
change voltage signal and comparing this voltage signal with a prescribed 
reference voltage to output a comparison signal. 



(51)lnt.CI. 



SOLUTION: A comparator 7 compares the detection voltage V1 with the 
reference voltage VO and outputs a comparison signal S1, in response to the 
difference between the V1 and VO. The shape of each element and a circuit 
constant are set, so that the V1 is equal to the VO, when the load current IL of its 
upper limit value flows into the load Z2. Thus, the relation of values between the 
V1 and VO is inverted between a normal state is which the current IL is smaller 
than its set upper limit value and an overload state where the current IL exceeds 
its set upper limit value. As a result, the output level of the signal S1 has a large 
change, and the state of an FET 1 is detected. Furthermore, the influence of the 
current error caused at a current mirror circuit can be reduced, since this circuit 
has a single stage. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The semiconductor integrated circuit equipment which carries out 
[ having an electrical-potential-difference comparison means compares the 
semiconductor device for an output which is connected to a load and controls the 
load current of this load, a load current change extract means extract a changed 
part of said load current, and a current-potential conversion means change a 
changed part of said extracted load current into a current change voltage signal 
with the reference voltage which determined as said current change voltage 
signal beforehand, and output a comparison signal, and ] as the description. 
[Claim 2] The 2nd FET by the ratio as which parallel connection of each of a 
drain and the gate was carried out to the drain of the 1 st FET and each of the 
gate which are said semiconductor device, and gate area determined it 
beforehand with said load current change extract means smaller than said 1st 
FET, Semiconductor integrated circuit equipment according to claim 1 
characterized by having the current Miller circuit which the input edge connected 
to the source of said 2nd FET, and equipping said current potential conversion 
means with the resistance which the end connected to the outgoing end of said 
current Miller circuit, and the other end connected to the power source. 
[Claim 3] Semiconductor integrated circuit equipment according to claim 1 
characterized by having further a driving signal cutoff means to answer supply of 



said comparison signal and to intercept the driving signal of said semiconductor 
device. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the semiconductor 
integrated circuit equipment for Power IC which integrated the control system 
and the output stage component of a high current about semiconductor 
integrated circuit equipment. 
[0002] 

[Description of the Prior Art] It has the protection feature for preventing 
conventionally that a power semi-conductor breaks by the overcurrent, a short 
circuit, etc. in the semiconductor integrated circuit using this kind of power semi- 
conductor. 

[0003] If drawing 3 which shows the 1st conventional semiconductor integrated 
circuit equipment given [ including the monitor signal generation circuit for this 
kind of protection features ] in JP,1-193909,A with a circuit diagram is referred to 



FET1 which is the voltage-controlled power semiconductor device by which the 
drain connected this 1st conventional semiconductor integrated circuit equipment 
to the load Z2, FET2 which is a semiconductor device with the small current 
capacity in which a drain and the gate carried out parallel connection to the 
source and the gate of FET1 , respectively, Current Miller circuit 101 which 
consists of the transistors 33 and 34 of an NPN form, It has current Miller circuit 
102 which consists of the transistors 35 and 36 of an PNP form, the current 
source 37 which supplies reference current 10 to a transistor 36, the power 
source 8 which supplies a power source to current Miller circuit 102, and the 
power source 9 of FET 1 and 2. 

[0004] Next, if actuation of the 1st conventional semiconductor integrated circuit 
equipment is explained with reference to drawing 3 , the drain current of FET2 
will be received in current Miller circuit 101, and the voltage signal S1 
corresponding to differential current will be outputted to an output terminal TO as 
compared with the output of current Miller circuit 102 of reference current 10 
response. 

[0005] Since this circuit is connected so that power FET 1 and FET2 with small 
current capacity may be arranged in parallel, the current IL which flows for a load 
Z2 is divided into the currents 11 and 12 which serve as a rate of surface ratio of 
FET1 and FET2, and each of these currents 11 and 12 will be divided into FET1 
and FET2, respectively, and will flow. If a current 12 flows to FET2, when this 
current 12 flows into the transistor 33 of current Miller circuit 101, to a transistor 
34, the current 13 decided by the rate of surface ratio of transistors 33 and 34 will 
flow. Moreover, the current which flows to the transistor 36 of current Miller circuit 
102 serves as a fixed value according to the constant current source 37, and the 
current 14 decided by the rate of surface ratio of transistors 35 and 36 flows to a 
transistor 35. Therefore, there is no capacity to pass only the current 14 of a 
certain constant value in a transistor 35 to the current 13 which changes to a 
transistor 34 in proportion to the condition of a current 11 of flowing for a load R2 
flowing. Therefore, in order for the surplus of a current to occur since it becomes 



impossible for a transistor 34 to be able to continue passing the programmed 
current 14 of a transistor 35 when a current 13 is small, and to abolish this surplus 
current, in order that the operating point may move from a transistor 35 to a 
saturation region from a non-saturation region compared with a current 14, the 
voltage level S1 of an output terminal TO rises. Conversely, in order that the 
operating point may move from a transistor 34 to a saturation region from a non- 
saturation region compared with a current 14 so that lack of a current may occur 
since a transistor 34 cannot be passed more than programmed-current 14 and 
this insufficiency may be lost, when a current 13 is large, the voltage level S1 of 
an output terminal TO descends. 

[0006] As explained above, the voltage level S1 of an output terminal TO 
changes with the size relation of the current values 13 and 14 which flow to 
transistors 34 and 35. thereby - the reference current value 10 and current Miller 
circuit 101,102 - overload condition detection of FET1 is realized using change 
of the voltage level S1 of the output terminal TO when the current 11 which flows 
to FET1 becomes beyond a programmed-current value by setting up each 
transistors 33 and 34 of each and the rate of surface ratio of 34 and 36. 
[0007] Next, if drawing 4 which shows the 2nd conventional semiconductor 
integrated circuit equipment given in JP,6-244693,A similarly to drawing 3 and a 
common component with a circuit diagram using common alphabetic 
character/figure is referred to FET 1 and 2 with this 2nd conventional as common 
semiconductor integrated circuit equipment which corrected and carried out 
parallel connection of the source and the gate comrade as the 1st conventional 
technique, To the load Z2 between the drain of FET1, and a power source 9, and 
a power source 9, in addition, the resistance R201 for criteria which connects 
between the drain of FET2, and a power source 9, and generates the reference 
voltage V0 corresponding to a drain current of FET2, It has the comparator 201 
which compares the load electrical potential difference V1 and reference voltage 
V2 which were produced for the load Z2, and outputs the comparison signal VS, 
and the bias control circuit 202 which controls the bias voltage of the gate of FET 



1 and 2. 

[0008] Next, if actuation of the 2nd conventional semiconductor integrated circuit 
equipment is explained with reference to drawing 4 , FET1 and FET2 are the on 
resistance corresponding to the inverse numbers K1 and K2 (K1<K2) of each 
rate of surface ratio, respectively. Moreover, it will usually always be in a 
condition with the higher, the electrical potential difference V1 between source 
drains, i.e., the load electrical potential difference, of FET1, electrical potential 
difference V0 between source drains of FET2, i.e., reference voltage, to the 
resistance r2 of the load Z2 of FET1 at the time of a load by setting up the 
resistance r1 of the load resistance R201 of FET2 with {(K2-1) xR2}. These 
electrical potential differences V1 and V0 are supplied to forward [ of a 
comparator 201 ], and a reversal input, and the comparison signal S1 outputs L 
level. The bias control circuit 202 answers L level of the comparison signal S1, 
and a transistor 21 intercepts it, and it usually holds bias voltage B of FET 1 and 

2 on level. When [ this ] the resistance of a load Z2 usually falls by a certain 
cause to loaded condition, the direction of the load electrical potential difference 
V1 will be in a high condition from reference voltage V0. A comparator 201 
answers lifting of the load electrical potential difference V1, reverses the 
comparison signal S1, and is taken as H level. H level of this comparison signal 
S1 is answered, the transistor 22 of the bias control circuit 202 flows, and bias 
voltage B is dropped. Thus, detection of loaded condition and abnormality loaded 
condition is usually realized by comparing electrical potential differences V1 and 
V0 by the comparator 201 . 

[0009] Next, if drawing 5 which shows the 3rd conventional semiconductor 
integrated circuit equipment given in JP,3-195212,A with a block to drawing 3 
and a common component using common alphabetic character/figure is referred 
to FET1 with this 3rd conventional as common semiconductor integrated circuit 
equipment as the 1st conventional technique, The electrical-potential-difference 
detector 301 which connects between the gate sources of FET1 and outputs the 
detection electrical potential difference VG corresponding to the electrical 



potential difference between the gate sources, It has the gate drive circuit 302 
which amplifies an input signal D by control of the comparison signal S2, and 
supplies the drive signal G of the gate of FET1 , the comparator 303 which 
compares reference voltage V0 with an electrical potential difference VG, and 
outputs the comparison signal S2, and the reference voltage generator 304 
which generates reference voltage V0. 

[0010] Next, if actuation of the 3rd conventional semiconductor integrated circuit 
equipment is explained with reference to drawing 5 , this circuit will perform 
desired current limiting by using the saturation area property of the electrical 
potential difference between the gate sources, and a drain current by carrying out 
adjustable [ of the level of the output G of a gate drive circuit 302 ]. First, a 
comparator 303 compares the gate detection electrical potential difference VG 
with reference voltage V0, and it controls the drive signal G so that the electrical 
potential difference between the gate sources does not become larger than 
reference voltage V0. Thus, by setting up the electrical potential difference 
between gate drains, it becomes impossible for the drain current of FET1 to pass 
beyond the current value decided by the static characteristic, and it enables a 
limit of the drain current of FET1 . 
[0011] 

[Problem(s) to be Solved by the Invention] The current error produced in each of 
two steps of current Miller circuits affected the current value which flows to the 
semiconductor device of a reference current value and the small current capacity 
for overcurrent detection, respectively, and the 1st conventional semiconductor 
integrated circuit equipment mentioned above had the fault of becoming a cause 
with error. 

[0012] Moreover, in the usual bipolar transistor which constitutes the above- 
mentioned current Miller circuit, it is several Mohm order, therefore the 
impedance in an output terminal was set to several M omega, and the 
impedance between the emitter collectors in an active region had the fault of the 
switching noise generated at the time of switching having affected an output 



signal line by capacity coupling, and generating malfunction. 

[0013] Moreover, the 2nd conventional semiconductor integrated circuit 

equipment had the fault of a latch rise etc. having occurred and resulting in 

component destruction, in order for the electrical potential difference more than 

supply voltage to join the input terminal of a comparator according to back EMF 

generated at the time of a turn-off, when a load contains an inductance 

component. 

[0014] Furthermore, even if the power consumption in a power semi-conductor 
increased remarkably and the 3rd conventional semiconductor integrated circuit 
equipment has prevented destruction by the overcurrent in order to make it 
operate in a saturation region although it used the saturation characteristics of an 
electrical-potential-difference actuation mold semiconductor device, there was a 
fault of resulting in a thermal runaway. 

[0015] Even if the object of this invention is a load which the trouble which the 
above-mentioned conventional technique has is solved, and malfunction 
detection precision, such as an overload, removes a thermal runaway factor to 
noise interference strongly [ it is high and ], and contains an inductance 
component, it is to offer the semi-conductor circuit apparatus which enables 
condition detection of a power semiconductor device. 
[0016] 

[Means for Solving the Problem] It has an electrical-potential-difference 
comparison means compares the semiconductor device for an output which is 
connected to a load and controls the load current of this load, a load current 
change extract means extract a changed part of said load current, and a current- 
potential conversion means change a changed part of said extracted load current 
into a current change voltage signal with the reference voltage beforehand 
determined as said current change voltage signal, and output a comparison 
signal, and the semiconductor integrated circuit equipment of this invention is 
constituted. 
[0017] 



[Embodiment of the Invention] If drawing 1 which shows the gestalt of operation 
of the 1 st of this invention to drawing 9 and a common component with a circuit 
diagram using common alphabetic character/figure is referred to, next, the 
semiconductor integrated circuit equipment of the gestalt of this operation shown 
in this drawing FET1 which is the 1st conventional technique which carried out 
parallel connection of a drain comrade and the gate comrade, and a common 
component for power, and FET2 which is a small current component for 
detection, To the power source 8 which supplies an electrical potential difference 
V3, the power source 9 which supplies the load current IL, and the resistance R2 
for loads, in addition, current Miller circuit 5 which consists of FET 3 and 4 which 
is an N-channel metal oxide semiconductor form transistor, The resistance R1 
which connects between a power source 8 and the drain of FET4, and generates 
the detection electrical potential difference V1, It has the source 6 of reference 
voltage which supplies reference voltage VO, and the comparator 7 which inputs 
reference voltage VO into a plus input, inputs the detection electrical potential 
difference V1 into a reversal input, respectively, compares these electrical 
potential differences VO and V1, and outputs the comparison signal S1. 
[0018] Next, when actuation of the gestalt of this operation is explained with 
reference to drawing 1 , as mentioned above with the 1st conventional technique, 
first, the currents 11 and 12 of FET1 and FET2 are distributed so that the load 
current IL which flows a load Z2 may be changed with the ratio of the 
components area A1 and A2 of FET1 and FET2, and are expressed with a 
degree type, respectively. 
[0019] 

M=ILxA1/(A1+A2) (1) 

I2=ILxA2/(A1+A2) (2) 

A current 12 flows to FET3 of current Miller circuit 5, and the current 14 of each 
component area A3 of FET 3 and 4 and the degree type determined by the ratio 
of A4 flows to FET4. 
[0020] 



I4=I2xA4/(A3+A4) (3) 

If this current 14 flows to the resistance R1 between FET4 and a power source 8 
and the resistance of this resistance is set to R1, the detection electrical potential 
difference V1 expressed with a degree type at the joint N1 which are resistance 
R1 and FET4 and a node will generate it. 
[0021] 

V1=V3-R1xl4 (4) 

= V3- [RxlLxA2xA4/{(A1+A2) xA3}] .. (5) 

That is, the detection electrical potential difference V1 changes according to the 
condition of the load current IL. 

[0022] A comparator 7 compares the detection electrical potential difference V1 
with reference voltage V0, and outputs the comparison signal S1 corresponding 
to the size relation of these electrical potential differences V0 and V1 to an output 
terminal TO. 

[0023] Here, when the upper limit of the load current IL flows for a load Z2, the 
configuration and circuit constant of each component are set up so that the 
detection electrical potential difference V1 and reference voltage V0 may become 
equal. When the load current IL is smaller than a setting-out upper limit, i.e., the 
load current IL flows with a normal state by this exceeding a setting-out upper 
limit, and the size relation between the detection electrical potential difference V1 
and reference voltage V2 is reversed in the state of an overload, and the output 
level of the comparison signal S1 changes a lot, condition detection of FET1 is 
performed. 

[0024] That is, in a normal state, since the detection electrical potential difference 
V1 is smaller than reference voltage V0, the comparison signal S1 serves as L 
level. In the state of an overload, since the detection electrical potential 
difference V1 becomes larger than reference voltage V0 at reverse, the 
comparison signal S1 is reversed on H level. 

[0025] It considers as a concrete numerical example, and the resistance of 10:1 
and resistance R1 is set to 2.5kohm, and the electrical potential difference V3 of 



2.5V and a power source 8 is set [ surface ratio A1:A2 of FET 1 and 2 / surface 
ratio A3:A4 of FET 3 and 4 of 999:1 current Miller circuit 5 ] to 5V for reference 
voltage VO. Moreover, as a load Z2, the inductance of direct-current equivalent 
resistance low enough shall be connected. 

[0026] A driving signal ID is supplied to FET 1 and 2 in this condition, from a load 
Z2, the load current IL which increases with time amount progress begins to flow, 
and FET 1 and 2 assumes the condition that the load current IL reached to 9A, 
when it will be from a cut off state in switch-on. At this time, to FET 1 and 2, the 
currents 11 and 12 according to the rate of surface ratio flow, a current 11 is set to 
8991mA, and a current 12 is set to 9mA from (1) and (2) types. Since a current 12 
flows to current Miller circuit 5 as it is, the current 14 of 9mA and FET4 is set to 
0.9mA from (3) and (4) types by the current 13 of FET3. This current 14 is 
transformed into the detection electrical potential difference V1 by resistance R1, 
and this electrical potential difference V1 is set to 2.75V from (4) types, and is 
supplied to the reversal input of a comparator 7. On the other hand, since the 
plus input electrical potential difference of a comparator 7 is 2.5V of reference 
voltage VO, a comparator outputs L level. 

[0027] Next, it passes in time than the above-mentioned circuit condition, and the 
condition of current 10 A+alpha that the load current IL exceeds 10A slightly is 
assumed. At this time, in 9990 mA+alpha 1 and a current 12, 10 mA+alpha 2 and 
a current 13 serve as 10 mA+alpha 2, and a current 14 serves as [ a current 11 ] 1 
mA+alpha 3. This current 14 is transformed into the detection electrical potential 
difference V1 by resistance R1, and this electrical potential difference V1, i.e., the 
reversal input voltage of a comparator 7, becomes 2.5 V-alpha 4. On the other 
hand, the plus input electrical potential difference of a comparator 7 is still 
reference voltage 2.5V, since the electrical potential difference of a plus input 
becomes high slightly rather than the electrical potential difference of a reversal 
input, it is reversed and the comparison signal S1 serves as H level. By 
supervising the level of this comparison signal S1, whether FET'sl being in the 
overcurrent condition and a condition are detectable. 



[0028] Moreover, to constituting from the 1st conventional technique in two steps 
of current Miller circuits, with the gestalt of this operation, since the number of 
current Miller circuits is one, the effect of the current error produced in current 
Miller circuit can be reduced. Moreover, there is no location which serves as a 
high impedance called several Mohm order all over the circuit of the gestalt of 
this operation, and the margin to malfunction by a switching noise etc. can be 
expanded. 

[0029] Furthermore, it is possible for a load not to be limited to resistance like the 
2nd conventional technique, and to also treat an inductance load. 
[0030] Moreover, in the gestalt of this operation, an NPN bipolar form transistor 
may be used instead of using FET of an N-channel metal oxide semiconductor 
form as a transistor which constitutes current Miller circuit. 
[0031] Next, when drawing 2 which shows the gestalt of operation of the 2nd of 
this invention similarly to drawing 1 and a common component with a circuit 
diagram using common alphabetic character/figure is referred to, the point of 
difference with the gestalt of operation of the 1st of the gestalt of this operation 
shown in this drawing is having added further the cutoff circuit 10 which answers 
the reversal to H level of the comparison signal S1, and intercepts the driving 
signal ID of FET 1 and 2. 

[0032] The cutoff circuit 10 is equipped with AND circuit A1 of 2 inputs which take 
the AND of the drive signal D and the latch signal L which are supplied from a 
latch circuit F1 and the actuation circuits 11, such as an RS flip flop which latches 
the comparison signal S1 and outputs the latch signal L, and generate a driving 
signal ID. 

[0033] If actuation is explained, a latch circuit F1 will set an initial-state, i.e., 
signal, Q bar to H level by reset-signal R at the time of starting. A latch circuit F1 
answers the carrier beam comparison signal S1 in supply, latches this signal S1 
to Input S, and supplies a reversal output-signal Q bar to one input of AND circuit 
A1 . AND circuit A1 takes an AND with the carrier beam drive signal D for supply 
to the input of this signal Q bar and another side, and outputs a driving signal ID 



to it. In the state of normal operation, as mentioned above, since it is L level, a 
signal Q bar serves as H level, and the comparison signal S1 passes the drive 
signal D, and outputs AND circuit A1 as a driving signal ID. Therefore, FET 1 and 
2 operates according to the level of the drive signal ID. 
[0034] Next, in the state of an overload, since the comparison signal S1 serves 
as H level and a signal Q bar serves as L level, AND circuit A1 intercepts the 
drive signal D, therefore a driving signal ID. Consequently, FET 1 and 2 will be in 
a cut off state, and protected operation is realized. 

[0035] When FET 1 and 2 intercepted, it becomes impossible to supply a current 
to loads 3 and FET [ Z2 and ] 4. However, when the comparison signal S1 
changes from H level to L level again, almost simultaneously with cutoff of these 
FET 1 and 2, the input S of a latch circuit F1 changes from H level to L level. 
However, a signal Q bar will continue holding L level until reset-signal R is 
inputted, and regardless of the drive signal D, FET 1 and 2 continues holding a 
cut off state, and protects FET 1 and 2. 

[0036] Like the 3rd conventional technique, the circuit of the gestalt of this 
operation does not use the saturation characteristics of Power FET, and a 
component does not necessarily destroy it by generation of heat by the rapid 
increment in power consumption for actuation of making power FET itself 
intercept. 
[0037] 

[Effect of the Invention] As explained above, since the semiconductor integrated 
circuit equipment of this invention is equipped with the load current change 
extract means, the current potential conversion means, and the electrical- 
potential-difference comparison means, and it reduced current Miller circuits to 
one step, it has the effectiveness of it being said that condition detection of a 
semiconductor device is possible with high degree of accuracy. 
[0038] Moreover, since there is no part used as a high impedance all over a 
circuit, it is effective in the malfunction margin by disturbance noises, such as a 
switching noise, being made greatly. 



[0039] Moreover, since it changes and detects on an electrical potential 
difference after not carrying out direct detection of the potential change of a load 
but extracting as current change and the effect of a load impedance condition is 
avoidable, it is effective in not only resistance but an inductance being 
connectable as a load. 

[0040] Furthermore, a voltage-controlled semiconductor device is not controlled 
by the saturation region, but it is effective in the ability to prevent the thermal 
runaway by the increment in loss within a semiconductor device by intercepting 
thoroughly. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the circuit diagram showing the gestalt of operation of the 1st of 

the semiconductor integrated circuit equipment of this invention. 

[Drawing 2] It is the circuit diagram showing the gestalt of operation of the 2nd of 

the semiconductor integrated circuit equipment of this invention. 

[Drawing 3] It is the circuit diagram showing an example of the 1st conventional 

semiconductor integrated circuit equipment. 



[Drawing 4] It is the circuit diagram showing an example of the 2nd conventional 
semiconductor integrated circuit equipment. 

[Drawing 5] It is the block diagram showing an example of the 3rd conventional 
semiconductor integrated circuit equipment. 
[Description of Notations] 
1-4 FET 

21, 33-36 Transistor 
5,101,102 Current Miller circuit 
6 Source of Reference Voltage 
7,201,303 Comparator 
8 Nine Power source 

10 Cutoff Circuit 

1 1 Actuation Circuit 
A1 AND circuit 

F1 Latch circuit 
R1 Resistance 
Z2 Load 
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» i o 2 f: , f 5 yyx^ 3 6 tzmmntfi i o £ffi$&-r 

*&-f5«i!8i:. FET1, 2^miJI9 ^fliS „ 

[0004] mszmmix, $m<omi<&m 
mfttmtmtnwmz-o^xwimtz f e t 2 co 
fw yts^^wyb 5 1 0 1 x^n. mm 



u umastjcomEEm^s 1 ^ft^s^TOfc^-t- 
[00 0 5 ] .icomm. ^°7~FET 1 b „ «SEW* 
C0/h$ UF ET 2 <t i 3 tfSic t T ^ 5 3t 
M?tZ2tS£fiS«gSlL(iFETli:FET2^) 

I 2<7)#*#FET1 fcFET2fct't*l 

^fiiftpfrtaSftS z\bbtc%>* W& I 2^'fet2 / \ 
SfiSfc, 2i±/)yy FS^-am 0 ito 

h7yy'x?3 3^sf L tuitf^fct;i; 0\ F^yy'x? 

3 4 £(4. h5yy'X^3 3, 3 4 0H»Ft*Ti£S£ 

*^i3£Wi-So ist. /)yy hs^-a^i 0 2to 
f 7 y yx ? 3 6 tiSEfi. s mist isewsyg 3 7 1 i o t 

-^It^ot^l N 7 yyx^3 5, 3 6«» 

jt^-e&s s«giE 1 4 # h 7 y yx 9 3 5 taais . 1 
tz^x. h?y ; jx5>3 4 izanffiR 2 tmsnsaE 

I l^^JBtJtMUTSHfc-fSttSIEl 3^§«?)(:M 

l, h 5 y ^ 3 5 nij, & i> -mmmwi 1 4 

Sttffeft^v \ , «s 1 4 tifc^fmSE 1 

3 i , b 9 y y"x ^ 3 4 (4 f 9 y y'x ^ 3 

5 1 4 imni z. b 
iz*fcff>£mim&. 1 . - co^jiisk * * < -r fcft t f 
5vyx^ 3 5teimmm®fr^mmmm^bW)imtf 

6 o ffitmSK I 4 tJt^T«i! I 3 V ^^(± , h 

=>yvx9 3 4(iifts«SE 1 m±.iim-z\ btfftm% 

v if*ttS»m l . Z m-Mrb^j; < & S i 

a t F^yyx^ 3 4 {4^feft^*^«sfiiii*\fcft 

[0006] RhiiBBLfc i a ^^TOiomJl 
S 1 (4 f 5 y ? 3 4 , 3 5 izWv & W<fM I 

3, lA^bmmzii-ox^mth. ztiizxm 
liSfi ot^yy hS^-H^i 0 1 , 102^ 

(7)#F7yy'X^3 3, 34&V34, 36^ffi»ib^ 

* s^ts - i: i 0 . feti nzmt&n^ I 1 ^ 
Jit* o fc^«ai^ss&?T otomjiy^ 

S 1 <7)Mt£f IJffl LT FETI 
[00 07 ] ^^¥6 - 2 4 4 6 9 3 ^mSM 

commcom 2 3 1 jtawrndt 

mm^mm^^/m^m^xmmizmmx^t 

1 oswi: Kii^stfc* l v-xm?- 

F|Sl^S:M^JfSiELft:FETl , 2fc, FETl^Fl/ 

4 ybVM9 b(7M(?MZ 2 b , nM9blzmiX, 
FET2^F'y-f ybm&9bC0mizmWilFET2C0 

f y^ y^^MiEos^mjiv 0 ££.mtz>w$m<v& 
kr2 0 1 b . mmz 2 iztkitzmn&v 1 bmmm 
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J± V 2 t Zhtm Ub«f V S £ £fj}j-f S JtlgS 2 0 1 

fc, feti, 2^y-w*>f7**£E£iWiir$-s^ 

^TX|lJ»@^2 0 2fc&fl^l» o 
[0 0 08] ifcfc, @[4 St#HhLT. I£*<^2<W| 
#;»«0£#§IMo»m^^TiM-f £ i: , FETlt 
FET2I1 #*^Mt*<7)3iS[Kl , K2 (KK 

K2) izzti?tinmitz7t>mmt%^xug,„ ± 

tz. FETl«MZ2cDfiIf|r2C»L. FET2 
Ot#ffii3lR2 0 l^ffiKffir l£ { (K2-1 ) XR 

2} tw&t&ztizx*)^ wn%Mmm^FKT2 
oy-x h* w yr B i€J±-r^^^s*mffiv o^^f 
etiw-x^^ yr B imj±-r^^*>t^fmj±v i ± 

DtftV«fc££ o d^ltmJlVl, V0£Jt«Hg2 
0 1 OiE&VHteA^ fc&ite LJtlBft^ S 1 \± L 
£ft*^l> 0 )U Tx%mm%2 o 2(iibKfi^-s i^ 
l,VKMz^LXYyy'JX9 2 l^}IBfL, FET 
1, 2<DAM7^m£EB^il^K/W:ffi^fS. £<9 

a*mi±v o i o t hm^jiv i ^ 
arawKWi:**. o jtiKSS2 o i \±mw±y 1 <0±# 

KiE® LTJt«fi#S 1 kEMLUVUVt-th. 
T$^S 0 J; o tC. tffiVl, V0£JtR»2 0 1 
[0 0 09] ifct, &IHPP3 - 1 9 5 2 1 2#&#IE« 

3 m 3 t 

it. i cvmit FETU, FET lO 

y-- b v-^^t^L^'- b y-^mETOo^ft 
«j±vG£^-ri,mj±^^3 o 1 1 . mm^s 2 

cmmzSi 0 A^fl^-D £ igqg t T F E T 1 b <T> 

y^a -?m-%G*mkt& y- vv^a rnus 302 

k , S?P€J± v 0 1 €J± v g t £ Jt« LJtRfi*!- s 2 £ 

m^j-r sjfiK^3 0 3 h . a*€J±v 0 srnii-ssn 

«jEE^*S3 0 4f:^i.S„ 
[00 10];XC, 05 2r#H§L"£\ ^*^H304^W 

(±, y-b b^ 7TO3 0 2^m^GO^;L-^ njg 
S^:l> £ 1 1 i "3 , ¥- b V-x?3W±t Y W y«SK 
fc^fi&ftMJ^fttS-Wffl'tS - fc tz£ OBfSoffiEMIR 

eevg t a?pmj± v 0 1 Srib^L, y- b y -xp^mji 
*«mj±v 0 x 0 a# < & t &v a a \z y ? a 7{m 

GZfflWtl . - <z> i a LT y- b b W yp H imi±£ 

m.m-f iztizx*). f e t 1 (o v v a ymmmrnvt 
izx mt^m^mj±mitz\ktK'^<^ 0 , f 

e t 1 f u- >f ym^^S'JPfi > t h , 



[00 11] 

¥#ttsmnis&§ia(i , 2 u y h s ^ 
too 12] ttz, ±.muyv$7~m%$:M$i-t& 

M^wU tf-y h yy'Jx^Tli. WEMmz&ftZ 

3L$yfnv99W)4 yv-yyxmmQ7t~?'T 
Ltit^xm^m-izmtA yh'~ryxt>m 

MQt^o. <v^-y7mz%$L*thxA v^VfJ 

AxmtmKt^zx^^MmyA y^zmm^RiiL 

[ o o 1 3 ] t tz. &m%2<Q?mmm®mm 
tt. %m^A y?'7 9 yxtfiftit^^. 9-yJ[? 

m. ixm^mmizmz, t ^ ? x&m tz . 
[ o o 1 4 ] § t> ^*^3 vmimmmmm 

tztLxh, mmizmz x^h -> tz . 

[0015] ±IE#*Sffi^^r D 1ffl 

ti&miL t . atffi^^»»aj«ns**B < y ^ xt^ 

[00 16] 

mmmm-thtztb^m *mi<wmmmm 
$mz. nmzim^ti^m^mmmmimt^ 

hmwsmm^rc, m^itzmmM^mm 
mzvfcmmm^zmtt & v^nsmi^m 
mmm^mtmj±m^t^^tzmmm,j±tibt 

[00 17] 

imivmmmm] mz, *wmmi<^mmmm 
&I2I9 t^mcomfmmutMm^/m^m^x 
®%m?*~m i mm-h t , ; <m\,z^-^mm 
mm^mmmmmm±, y va >mm.v*f- v 
nM^mmmLtzim<nm 1 «»tMww-ffl 

Tfc I.FET1, «tajffl<7)/h«aE^^T& I) F E 

t 2 1 . €J±v 3 s t , mw& i l & 

«mt-|.€l!i9fc. M?tffl^ffii3lR2fctjDiT. 
^^;HMOSMb^y^xyT"fel>FET3 , 4f:*»6 
Jt^^^ybS^-M5t, «i!H8i: FET4«KV 

a yb^ztmumm&v 1 &*^i>fiffiR 1 
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mmmm v o ZBimAU iz&mw&v 1 s- zti^tixn mm n, 1211 f£*<DSi 1 Lit j 5 

i^ti^mmvo, vi^m^mmm^si^ t. t^z2^s£fist#ttssi l^feti, fet 

[ 0 0 1 8 ] ifcfc , 01 &#MLT*HSS^IlOl)^ *u zti?ti$&xmzti& o 

fcoUTtM-f £ i: , £1\ FET1, FET2«#« [00 19] 

I 1 = ILXA1/ (A1+A2) (1) 

I 2=1 LXA2/ (A1+A2) (2) 

FET4CliFET3, 4^^«IfliA3, A4 [0020] 

I 4 = I 2XA4/ (A3+A4) (3) 

<r 1 4 a f e t 4 mis s amammt. 1 1 be 1 & . 

fi, -Ogffi^ffiffiflSrRl fc-fSfc. ffiftRlhFE [00 2 1 ] 
T4 fcm*T'*Sgt*N 1 ^T'W^tiimEV 

V1=V3-R1XI4 (4) 

= V3- CRX I LXA2XA4/ j (A1+A2) XA3) ] ■ ■ (5) 

■ftshib, ^IffVliilliSl L<7)ffl&l l Zj5tX ET4«tif 14(40. 9mAfc^5. d^«ai4li 

[0 0 2 2] lfc«»7(i, tt{fi«£EVli:aeW£EVO Hi (4) 3«9 2. 7 5Vfcfc9fl*aS7tf>E*K7Jj 

/hMffifcttJ^S JtKftt S 1 fcjftfrt* . M±V 0 (7) 2 . 5 VtJSOT, Jt«N8(i L 

[ 0 0 2 3 ] i £ X\ gffittSg I L^±RftgW*gffi Z 2 ft^S . 

fcifiififc 2: # , tfcttttfffi v 1 1 WQBBV 0bimL< [ 0 0 2 7 ] JiEcomffM^SRJ: 0 i^lBIWtitefl L 

k «t o . ik&mmi o t titna i l ^ v*-** + « co^nss^ti . ^ «it 1 1 (4 9 9 9 0 m 

^awttJBt , Wi&±.mmnixmnifi 1 a+ « 1 , «sk 1 2<4 1 0 mA+ « 2 , iksie 1 3(4 1 0 

S^r&fcfejfitflfpKJBi: TttffiEff V 1 fc£*P«EE m A + a 2 , *S I 4 (i 1 mA+ « 3 fcSrS . ^til 

v 2 1 - b i 0 . Jt«fi# si 14 £MR l i/ZX -> TfcfflWEE v l Kg&Sfu i a> 

^ffj* & < 4 £ i: K J 9 , FETl?) mffiV 1 -T^^^irb^^ 7 ?)SiKA^ttJ±(4 2.5V- 

wmftim. a4t*s. ci^t^u M^7oiEA^mj±(4»i 

[00 24] -r&fc^ ffi^«ET"(4^mSffiV l Jig 2 . 5 Vcoj £ T"£> 0 . KKA^WEE i 0 klEA 

¥€J±v o j; 0 vrcJt(Sft#s l iiLisKtvk ^V&^fMo-fbHzm^hfzsb, tmm^-s l (4 

v o J; 0 i A!? < OTTOf!^ s l iiHK;K:K m&tt Z t iz ± 0 , FETl ftfjnftttJB t^tu 

[0 0 2 5] Ji#;W%i«Jfc LT FETl, 20ffi« [ 0 0 2 8 ] £ fc. «*<7)§l 1 <?)J£WT14^ b 5 7 

JtAl : A2&9 99 : 1 f]V> V 5 7-0i®5C9FE H3»2&Tl*j£LT^&?)fc*rU *HJt<7)^IIT1± 

T3, 4tf>ifflttfcA3 : A4£l 0 : 1 , ffiRl^fi flVVY^v-mWl^Xhh^X , f]VVY^~ 

mm2. 5kQ, a?pmj±vo^2. sv, mjgso @^wsmiiffi^f»^«T^i> 0 

[0 0 26] ^ O^FJT" FETl, 2 tlil? I D [ 0 0 2 9 ] § & fc , 2 i 5 

f*^$fi. feti, 2«iiiT««j>^»aw;^'5 ffiiSKKBsgSft* - fc«^< . >f ^y^t^ia 

t#z2*^(±^giii:4ttiMjirrst#fl: 5;t«tw. 

ii i L^'ii^teft, mis i l^'9 At-vwmttitt. t o o 3 o ] ttz. *nst<^sti3^T, ^?yy h s 

FETl, 2(;:(iMfSIt^(::tD 7-0^^^ b^^^ t LTN^^WUVIO 

t/sm^ii, 1 2-&mi. (i). ( 2) jtiDms si^FET^^ft^^c, npna^^-^i 

I 1(489 9 1mA, mill 2(i9mAi:^rS. «il I 7yyX^JI^Ttj;l\ 

2(4^oti^yybs^-0£#5(;i^i>^. [003 i]^t. *^^2^sifeoff^j^0i t 

(3), (4)Ttj;'9FET3 W^gg I 3(49 m A , F fta^fflfiSt^St (±ft®^^/^^ ffl^T IM^t 0 
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JBWH 1 <7gm^JgBfc<7>ffljt£ti, ^fl-^-S 1 <7)H 
U^A.C0HKt JE^ LT F E T 1 , 2 Olgftfi^' I D 

[0 0 3 2] mmm%10li, tiMm^SlZyyi-L 
7 v i-m^L^Oitftl RS7'J 777H7 7°^<7) 5 -y 

i~m%F 1 1 , igtw 1 1 frt>m&2tiz> y=>a ?m 

?Dt77 i-im L fc Of&II»£ JR 0 ffittfi-^- 1 D 
§ 2A*OAND0BA 1 fc^fiiiS. 

[0033] mmz^uxmmti t . ummzy 

S£$te£gftfcJtl£fI^S 1 tjE^LT^tOfi^S 1 
£5«y^U Klfct£r7JfI^QA-£AND@EAlCD- 
* <T)Xti IZfflk-t %>° AND EffiA 1 (4 £ ^ft-^-Q A- 

SrKO IE«rti^ I D £ ftTl-f § . »fMWJ*m , J: 

Q A-iiH fc £ 9 A N D @Jft A 1 ii F 5 >f 
D &ilii$*|g»ft^ I D t LTftTTf £ . Lfc#o 
T, FET1, 2(4^7-^^1-^1 D <7> V^MzLtztf 

[ o o 3 4 ] ^t, mmm-cii, ttmm^s 1 (4h 

VK)V b & 0 , ft-^-QA'-ii L I/^t &&<yyCA N D 
El® A 1 (4 V vA ^M#D . U^^HI^ I D £ 
jfflBrfS. i^*Sa, FETl, 2te«l#lt3: l 9, 

[0 0 3 5] FETl, 2t>mmifz^bizX^. tfflf 
Z2SI/FET3, 4t«a*ffi*frt4if:liEB*4< 
L^LdtUoFET l , 2«ifiBri:{5ff^fc:. 

jtKti-^ smH i^hp & nv l i: ssflr*-* 

; 1 1 i 0 , 7 >y -?~IHS&F 1 COAti s (4 H K/t^ 6 L 
VK)V<\bmt-fh« LfrL. fI^QAN-{4. 'J-fe-yh 
fi^R^A*$ft§ST'T^/^fmUSt£^ b b 
£9, F^7'fI^Dfc{4M^;:FETl , 2i4jffir 
«JtR£«ftL«»t, FETl, 2 fcfiSW £ . 
[0 0 36] *Sffi^ffMsO0S#(4. »^30&ffi 
CD£ o fc, ^V-FET^|gfnfftt^fiJffl^SWi45: 
< , A"7-FE T m^m^h bV^j MiWzfo. 
fmn^iOH>M%MMzX 5 l^tti o 

[0 0 37] 



mmmmt. mmmumiii^&b. mmn^m 

:y-@i®£ lgtffllLfctfti 

[0 0 38] [g£#^S4yt-ryxfc^| ) gp 

#3&*5:V vfcft* >f .y f - 4 Xmeffl&S A Xiz J; I, 
[0039]it tif^^tSrit^aHJ-f. € 

MMt LTffiM^tT14£< A v¥9 9 V7. i>fflmm 

buo®mm&» 

[ o o 4 o ] $ mJTSiJWS^ftS^^lgfnflii 
T»-tS^T14^< . ^tiSSIrr § - fc t J: o^w 

[@i ] *w%mmmffimmmi<?mfc<m 
[@2] *^^^»w*»[iissgat«oss 2 ^jftoB 
[03 ] i co^mmmmmwco-Mit^i- 

1—4 FET 

2 1 , 3 3-3 6 b^y>>'X^ 

5, 10 1, 102 #^>-b$7-0g& 

6 mmmsM 

7, 2 0 1, 30 3 JtKjg 

s, 9 mm 

1 0 3IW@£# 

i i mmmm 

Al AND@S§ 

Fl 7v1~m% 

Rl ffiK 

Z2 tffif 



